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: DIRECTIONAL rm HEARING AID USING DUAL-INPUT MICROPHONE 



A microphone of the dual-inlet type is installed 
in an In-Hifr-Har ("ITE") hearing aid. ^ 
second ounvanJly-^iverging charaiels are located m the 
faceplate, to connect the inlets of the microphone to two 
spaced-apart potts in the faceplate. 
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DIRECTIONAL ITE HEARING AID USING DUAL- INPUT MICROPHONE 

Background of the Invention 
The invention relates to hearing aids, and more 
particularly relates to directional hearing aids. In its 
nvost immediate sense, the invention relates to directional 
hearing aids o£ the In-The-Ear C'lTE") type. (Included xn 
the ITE type are so-called "half shell" aids, which are 
smaller than full size ITE aids but are larger than canal 
aids and Completely- In-Canal or "CIC" aids.) 

conventional hearing aids have only one omni- 
directional microphone, so the patient can hear sound from 
all directions around his or her head. This 
omnidirectionality impairs the patient's ability to 
differentiate between e.g. the voice of a conversational 
partner and background noise (as from a crowd) . For these 
reasons, directional hearing aids have been developed. 

rAs conventionally implemented in ITE aids, a 
directional hearing aid has two small (EM size) 
omnidirectional microphones that are spaced apart by at 
least 6 mm and by at most 12 mm. An alternate 
implementation of an ITE directional hearing aid uses a 
V capsule (sold under the D-MIC mark by Etymotic Research, 
^ inc.) that contains an EM-s'ize dual-input directional 
microphone and an EM-size omnidirectional microphone 
together with an appropriate electronic circuit. The inlets 
of the directional microphone are spaced apart by 4 mm. 

in both instances, the directionality of the aid comes 
about because there is a phase shift of the sound pressure 
near the inlets of the two omnidirectional microphones (and, 
likewise, near the two inlets of the directional 
microphone) . Sound will reach one inlet before it reaches 
the other, and the resulting phase shift in combination with 
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„ ,„..rn,l deuy o. the .i<=rophone «iU .a.e^in. tHe polar 

^■F *-Vi*. sianal-to-noise ratxo, relative 
significant reduction of the ^^^"^^ 
.o that of a conventional non-directional ITE 

— rrr.rr:r 

spacing, the phase sn .reauency of the incident 

inlets diminishes with decreasing ^-J^JJ 
sound.) This rolloff reduces the sensitivity 

ratio) of the aid, and requires 
the signal-to-noise ratio) equalization 
^ i^^o^r-ical equalization. Such equaix^ 

:rr:::"rreUv no.., ...... ... 

--r rr::o:orre\rroL. ... .e.. 

-Increases with membrane size. m qux 

:r.r; -c.o„. . o. . 

— :r rl P-.. o. .ce... no.a . ... 

TTP hparina aids are pxuvj.v^^v^ 
situations, both types of ITE '^-"^^ 
a patient-operable switch. Thrs swrtoh puts the 
oliairectional .o.e when the ^ 

.actional .oae --—j;^^^^^^^^^^^ to 

a switch aaas to the -" "^ " ^ 3,a=e ("real 

manufacture the - ^'/^^^^ estate 

estate") on the facepiace. 
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.ec^lrea by the switch an. the two .eparete -^-P" ^ 
S be spaced apart by at least 6 nun, certaxn patxents - 
: those with s.all ears - »ay be unable to be f.tted w.th 
airecticnal hearin. aids, alternatively, such -^^J- 
be forced to accept larger ITE aids instead of -half shell 
aids, which are less conspicuous and are therefore 
cosmetically preferable. 

Mditicnally, if a directional ITE hearing aid is 
constructed using two on,nidirectlonal microphones, the 
microphones must be well matched in respect of f regency 
response etc., which increases the costs of components and 

assembly. ^^♦.^^r.ai 
It would be advantageous to provide a directional 

hearing aid of the ITE type where the internal noise is not 
Is antially higher than in a conventional ITB ai . Such a 
directional aid would not reguire a patient-operable mode 
Litch, would be less expensive to manufacture, and would 
use less real estate on the faceplate. 

in accordance with the invention, the two small 
(conventionally, EM size) individual microphones that are 
onventionally used in an ITB aid are replaced by a bigger 
advantageously, E. si.e, conventional dual-inlet microp e 
.similar, but not identical, to that --7;^;^' 
by Knowles Electronics, Inc. as Model EL) . And, in further 
a!=rrdance with the invention, the inlets of the microphone 
are connected to two spaced-apart ports in the faceplate of 
the aid via two outwardly diverging channels that are 

i.f. «■ a result of this structure, 
located in the faceplate. As a resul 
the ports are spaced sufficiently far apart so that the 
can be directional with maximum possible signal-to-noise 
ratio, without taking up valuable real estate on the 

""^tLira--- microphones are conventionally use. 
to make directional hearing aids of the Behind-The-Ear 
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the inventor is unaware of any use of such a 
microphones to replace the two individual microphones 
" viously used in ITE applications. «o„ that thxs use has 
laLn place, it is evident that the invention produces new 
and unexpectedly advantageous results. 

Onrsuch result is that the microphone is so qu.et that 
a patient-operable .ode-adiust.ent switch is not re^.r.d,. 
Z aid can be maintained in the directional »ode without 

unacceptable noise^ .naracteristics of 

this coTues about because uj_ u 

a dual-inlet EL type microphone. (These characterrstrcs 
will be discussed below.) Because the switch is not 
required, the cost of components is reduced and valuable 
r a e-ate on the faceplate is .ade available for other 



uses 



Mditionally, the invention substantially reduces the 
oosts of components and the labor retired to assemble the 
hearing aid. The cost of a single dual-inlet microphone .s 
substantially leas than the cost of two indivrdua 
microphones having matched characteristics, and .t re^.re.., 
less labor to connect one microphone to the hearing aid 
irectronics than to so connect two microphones (and a mode- 

selection switch) . 

Purthermore, because a dual-inlet microphone rs less 
bulky than two individual microphones, the savings rn 
faceplate real estate make it possible to build a 
directional aid in a smaller volume. « a 
patients can be provided with a directional ITE ard nd 
some patients can even be provided with a -half shell" ard. 
Brief Dea^ ^< rti°n of t he Drawings 
The invention will be better understood from the 
following illustrative and non-limiting drawings, in which: 

rig. 1 schematically illustrates a first preferred 
embodiment of the invention,- 
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, sche..ticany illustrates a second preferred 
— ;\i:iraur:u::rates . ..^^ P-rr. 

..racticnal a«s tHat use ^^J^^^^^ 

x a auai-.iet d— — 

.oth Sides o£ the diaphra,.- are ^"^^ 
sensitivity o£ such a «icrcphone .s about s da j 

Sbecause a — ^^^^^^^^^ —I 
rr::o::reTe::::es o. prea.li.er 

. r rhirairinrsrr:— ^p--^ 
::: . ai. --red 

inrreased from 4 mm (as m tne ax.^ 
spacing is increases ^.,-;,Htv will increase 

. ^ 12 mm microphone sensitivity win 
„ M.C dev.ce, to . P^^^^^^^^ 

^ Te si.nal.to-noise ratio o. the aid is further 

einrrle larger microphone (EL size wiu 
improved .y using a ^^^^ „,,,,,,,.e with 

— " ^^tsi g size microphone instead of 

smaller membrane. Using an E ^ ^^^.^^ ,f 

EM-size microphone increases the sign 

the aid by another 3-5. dB. necessarily 
The drawings are illustrative and are not n 

The same element is always indicated by the same 
to scale. The sam corresponding 
reference numeral in aii cne r y 

8- and 8") are indicated by primes, 
elements (e.g. 8, 8 ana o ; 
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Referring first to Pig. 1, a hearing aid "oue.ng 
generally indicated by reference numeral 2 is of the 
type. The housing 2 .ay be of the -half shell" type. 

. receiver . and a hearing aid circuit 6 are contarned 
the housing 2. . faceplate e aeala off the exter.or 
end of the housing 2. Attached to the faceplate « ^= ^ 
aual-inlet microphone 10. The microphone 10, the receiver 4 
the hearing aid circuit . are all operatively connected 

"^"^hl' microphone 10 may advantageously be a modified 
version of a microphone now manufactured ''V J^-^- 
Klectronics, Inc. (Itasca, IL, as model nu^er ^ ; 

the EL-3085 microphone as manufactured, spouts are attach.d 
to the Side walls of the cartridge, and a wire mesh acoust.c 
resistor is mounted inside each spout. In the microphone as 
modified, the spcuts are removed, and mesh is attache 
directly to the microphone walls, covering the two holes 
: privide access to the opposite sides of t-;s-ane^ 
AS shown, each of the two inlets 12-1 and 12-2 of the 
microphone 10 contains an acoustic 

of e g "ire mesh. The acoustic resistors 14-1, 14-2 
"Lide a) a correct time delay to compensate for the t.me 
rXired for a sound wave to travel between the hearing a.d 
ports and b) protection of the membrane from foreign 

''"'Sports l.-l and 1.-2 are located in the faceplate e. 
^e ports 16-1 and ie-2 are spaced apart by a ^i--- 

I least 6 mm and that is at most 12 Each of the 

ports rirTl^r^> connected to a corresponding one of 
the ifcrriiX3iI? by a corresponding one of two 
outwardly diverging channels 18-1, 18-2. ■ 

on test, hearing aids built with an EL-srzed dual-.n et 
airectional microphone and having an inter-port spacing ol 
tl mm have an Egulvalent Impulse Koise ,«.SI 33.22-1,87, of 
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T:::: — nt s.own in - in.e.s and 

^ ■ v,nn^ 10- are tubular, with 90° bends. In 

12-2' of the microphone 10 are tu 

^ T= IB 1' and 18-2- are shaped to 
this example, the channels 18-1 and 

. w^th the shapes of the inlets 12-1' and 12-2 . The 
n.ate wxth the shap substituting 

"Trsrou::'rt fer^^^^^^^^ sUs on the above-descnbed 
:ri V^oe: Lrophone, and moving the angled spouts 
towards the faceplate 8'^ ^ ^he channels 18" 

„.ne .0.. is .»c.ea . e P -^S^^ J^^^^^^^ 

• Th^a rear cover 32 (wnicn i& 
adhesive. The rear adhesive to the microphone 

as the face plate) is sealed by adhesive 

10" and the face ^^^^^'^ ^^^^^ embodiments have been 

Although one or more prefer ^^^^^^^ ^^^^ 

described above, the scope of the mve 

by the following claims: 
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Claims 



1 a' directional ITE (In-The-Ear) hearing aid, comprising: 
a dual-inlet microphone having first and second xnlets; 
a receiver; 

a hearing aid circuit operatively connected to the 
microphone and to the receiver; 

an ITE shell in which the microphone, receiver, and 

circuit are disposed; and 

a faceplate secured to the shell and enclosing the 
microphone, receiver, and circuit therein, the faceplate 

first and second ports that are open to the 
outside and that are spaced apart by approximately 6 mm 

to 12 mm; and 

first and second outwardly diverging channels, 
each extending between a corresponding one of the ports 
and a corresponding one of the inlets. 

- 2 The hearing aid of claim 1, wherein the microphone has 
two inlet tubes, each connected to a corresponding one of 
the inlets, and wherein each of the inlet tubes is located 
in a corresponding one of the channels. 

3 The hearing aid of claim 1, wherein the faceplate 
comprises a front cover and a rear cover, wherein the fxrst 
and second ports are located in the front cover ^herexn the 
rear cover is fitted within the front cover and xs sealed to 
the microphone, and wherein the first and second channels 
are spaces between the front cover and the rear cover. 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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